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626a Wednesday, March 9, 2011We have utilized our recently developed method to characterize lipid areas of var-
ious phospholipids with varying numbers of carbons and double bonds. In the case
of lipids with unsaturated fatty acid chains our results suggest that lipid areas
change with increasing hydrocarbon chain length, but not linearly - lateral lipid
area is the result of the fine balance between the hydrocarbon chain length and
double bond position. Furthermore, we discovered that the most dramatic change
in lipid area occurs after the introduction of the first double bond to the lipid’s acyl
chains.
Besides their importance in biology, lipid areas play a central role in molecular
dynamics (MD) simulations, where their inconsistencies have been highlighted
by the disparate results arising from MD simulations using different force
fields. Since MD force fields are considered to be "well tuned" if they are
able to reproduce experimental data, more reliable experimental information
is necessary for their future development.
3388-Pos Board B493
Cardiolipin, a Key Component to Mimic the E. coli Bacterial Membrane in
Model System Membranes
Sı´lvia Lopes, Cristina Neves, Peter Eaton, Paula Gameiro.
The phase transition temperatures of several lipidic systems were determined
using two different techniques: dynamic light scattering (DLS) and steady-
state fluorescence anisotropy, using two fluorescent probes that report different
membrane regions (TMA DPH and DPH). Atomic force microscopy (AFM)
was used as a complementary technique to characterize different lipid model
systems under study. The systems were chosen due to the increased interest
in bacterial membrane studies due to the problem of antibiotic drug resistance.
The simpler models studied comprised of mixtures of POPE and POPG lipids,
which form a commonly used model system for E. coli membranes. Given the
important role of cardiolipin (CL) in natural membranes, a ternary model sys-
tem, POPE/POPG/CL, was then considered. The results obtained in these mi-
metic systems were compared to those obtained for the natural systems E. coli
polar and total lipid extract. DLS and fluorescence anisotropy are not com-
monly used to study lipid phase transitions, but it was shown that they can
give useful information about the thermotropic behaviors of model systems
for bacterial membranes. These two techniques provided very similar results,
validating their use as methods to measure phase transitions in lipid model sys-
tems. The temperature transitions obtained from these two very different tech-
niques and the AFM results clearly show that cardiolipin is a fundamental
component to mimic bacteria membranes. The results suggest that the less com-
monly used ternary system is a considerably better mimic for natural E. coli
membranes than binary lipid mixture.
3389-Pos Board B494
Bioenergetics Explains the Structures of Membrane Lipids: Cholesterol,
Plant Sterols, Unusual Fatty Acid Chains and Polyisoprenes
Thomas H. Haines.
All living membranes support cation gradients, which they maintain by cation
pumps: proton pumps or – for the animal plasma membrane – sodium pumps.
This includes the organelle membranes of the eukaryote. The negative side of
the gradient faces the cells’ cytoplasm. Lipid bilayers leak both Hþ and Naþ at
rates that are equivalent in vivo (Hþ is ~10-5 cm/sec without a membrane po-
tential([Hþ] is ~10-7) whereas Naþ is ~10-12 cm/sec without a membrane po-
tential ([Naþ] is ~10-1). The resident membrane potential increases the rate of
leakage. Cation leakage requires the cell to spend ATP energy pumping the cat-
ions back out. Resting cells spend 70 to 80% of their ATP on cation pumping.
Cholesterol, found in animals, is the only lipid tested that inhibits Naþ leakage
across phospholipid bilayers. It decreases leakage to 1/3 membranes w/o it.
Meanwhile many membrane lipid structures inhibit Hþ leakage by: 1) decreas-
ing water diffusion through bilayers; 2) thickening the bilayer; 3) packing the
bilayer cleavage with hydrocarbon.
1) sterols, hopanoids, tetrahymenol decrease membrane water permeability. 2)
polyisoprenes, CoQ, squalene, dolichol, vitamin E., and carotenes thicken the
membrane bilayer. 3) Iso- and anteiso-fatty acids, branched plant sterols, and
chains in extreme acidophiles terminating with cyclohexane or cycloheptane
groups.
A unique phospholipid, cardiolipin (CL), displays a high pK2 (~8.0) in bilayers.
This appears to facilitate ATP synthesis in membranes that use the
F0F:1ATPase to make ATP. Except for the chloroplast with its
CF0CF:1ATPase, CL always accompanies the F0F:1ATPase.
In sum, membrane lipid structures are uniquely designed to support membrane
bioenergetics. This makes the structures of membrane lipids as biochemically
functional as are the structures of amino acids, nucleotides and carbohydrates
are for proteins, nucleic acids and CHO polymers.3390-Pos Board B495
Material Properties of Matrix Lipids Determine Conformation and Inter-
molecular Reactivity of a Diacetylenic Phosphatidylcholine in the Lipid
Bilayer
Anu Puri, Hyunbum Jang, Amichai Yavlovich, Alex Haber,
Athar M. Masood, Timothy D. Veenstra, Ulrich Baxa, Ruth Nussinov,
Robert Blumenthal.
Photopolymerizable phospholipid DC8,9PC (1,2-bis-(tricosa-10,12-diynoyl)-
sn-glycero-3-phosphocholine) exhibits unique assembly characteristics in the
lipid bilayer. Due to the presence of the diacetylene groups, DC8,9PC undergoes
polymerization upon UV (254 nm) exposure and assumes chromogenic proper-
ties. Photopolymerization in a gel phase lipid matrix (DPPC) monitored by UV-
VIS absorption spectroscopy occurred within 2 minutes after UV treatment,
whereas no spectral shifts were observed when DC8,9PC was incorporated in
a liquid phase matrix (POPC). Calcein release from DPPC/DC8,9PC liposomes
was observed after a lag of 10 minutes following UV triggering, whereas no
release occurred from POPC/DC8,9PC liposomes. LC-MS analysis showed a de-
crease in DC8,9PC monomer without any change in DPPC concentration in UV-
treated samples. Cryo-electron microscopy revealed fiber-like structures in the
UV-treated DPPC/DC8,9PC liposomes with few intact vesicles remaining indi-
cating that the leakage of calcein was due to the disruption of liposomes.
Molecular Dynamics (MD) simulations of DPPC/DC8,9PC bilayer indicate
that lipid tails in the gel phase are more highly ordered than in the fluid phase
of POPC/DC8,9PC bilayer, packing each other into close proximity. We
speculate that well-packed fatty acyl chains can increase the probability of
light-induced polymerization in DC8,9PC. Further, MD simulations suggest
that motions of DC8,9PC in the gel phase bilayer are more restricted than in
the fluid bilayer. The restricted motional flexibility of DC8,9PC enables the
reactive acetylenes in individual molecules to align and undergo the polymer-
ization reaction, whereas the unrestricted motions in the fluid bilayer lead to
a dampening of UV-triggered polymerization due to the lack of appropriate
alignment of the fatty acyl chains. These studies may have implications for
physicochemical effects at the nanoscale that may occur in biological mem-
branes as a result of signaling, transport, and fusion.
3391-Pos Board B496
SANS Investigation of the Response of DMPC-DMPG Lipid Bilayers to
Membrane-Active Peptides
Shuo Qian, William T. Heller.
Membrane-active peptides disrupt the integrity of cell membranes and form
transmembrane pores in model lipid bilayers. Alamethicin and melittin are
two extremely well-characterized examples of membrane-active peptides that
are known to undergo a concentration-dependent transition from a surface-
adsorbed state to a state in which transmembrane pores are formed, resulting
in the death of the target cell. The action of these peptides strongly depends
on the composition of the lipid bilayer membrane. In particular, charged lipids
and cholesterol are thought to drive the cellular specificity of the cytotoxicity of
these membrane active peptides. Further, lipid rafts, enriched domains in multi-
component membranes, can concentrate or exclude proteins and peptides asso-
ciated with lipid bilayers. SANS with contrast variation was used to probe the
response of small-unilamellar vesicles (SUVs) composed of mixtures of the
neutral lipid DMPC with the charged lipid DMPG to the presence of alamethi-
cin and melittin. SUVs made of chain-deuterated d54-DMPC and DMPG at
a molar ratio of 7: 3 were studied in the absence and presence of the two pep-
tides in H2O/D2O mixtures containing 90% D2O solution. The measurements
in 90% D2O, which is at the match point of the readily available d54-DMPC,
greatly enhances the scattering from the hydrogenated components and ensure
maximum signal for any in-bilayer aggregates or an asymmetric distribution
between the leaflets of the bilayer of hydrogenated material that may form.
The SANS experiments were performed using the BIO-SANS of HFIR at
ORNL, which provided excellent signal for the dilute SUVs solutions. We
found in both alamethicin and melittin, the asymmetric distribution of two
lipids between the two monolayers increases with the peptide concentration. In-
terestingly, melittin was found to produce a stronger effect than alamethicin.
3392-Pos Board B497
Inclusion of Menaquinone in Lipid Membranes Decreases Susceptibility to
Antimicrobial Peptides
Julia Nepper.
Most studies on the interaction of antimicrobial peptides with lipid bilayers
have used unsaturated, fluid-state phospholipids to model bacterial membranes.
However, unsaturated lipids are rarely found in cell membranes of gram-(þ)
bacteria, including Staphylococcus aureus. To maintain cell membrane
Wednesday, March 9, 2011 627afunction, S. aureus uses fully saturated but terminally branched lipid acyl
chains, which have a significantly lower phase transition temperature than their
linear counterparts. We found that lipid vesicles composed of synthetic
branched phospholipids are much more susceptible to attack by an amphipathic
peptide than lipid vesicles composed of unsaturated phospholipids with the
same headgroup composition. By contrast, natural membrane lipid extracts
from S. aureus produce lipid vesicles that are as resistant to membrane-
active peptides as those produced using synthetic, unsaturated lipids. We pos-
tulated that an unidentified component present in the S. aureus lipid extracts
serves to stabilize the bacterial cytoplasmic membrane. A possible candidate
is menaquinone, which participates in the bacterial electron transport chain
but could, in addition, have a structural effect on the lipid bilayer. In the
work presented here, we investigated the kinetics of dye efflux from lipid ves-
icles containing between 1 and 5 mol% menaquinone, induced by the antimi-
crobial peptide PMAP-23. PMAP-23 is a 23 amino acid, linear peptide of the
cathelicidin family with the sequence RIIDLLWRVRRPQKPKFVTVWVR.
We found that the presence of physiological concentrations of menaquinone
had a notable effect on peptide-induce dye efflux.
3393-Pos Board B498
In Vivo 2H-NMR Study of the Action of Antibacterial Agents on
Escherichia Coli Membranes
Catherine Tardy-Laporte, Alexandre A. Arnold, Isabelle Marcotte.
Contrary to eukaryote membranes, bacterial membranes are negatively charged
owing to the presence of phosphatidylglycerol (PG) or cardiolipin in their inner
membranes. One of the action mechanisms of antibiotics such as antimicrobial
peptides is to selectively interact with negatively charged lipids to create
a breach in the bacterial membrane. The characterization of the cellular mem-
brane integrity is, thus, a key element in understanding the mechanism of action
of antimicrobial agents. Solid-state nuclear magnetic resonance spectroscopy
(SS-NMR) is a useful tool that allows probing the organization and dynamics
of phospholipids in a bilayer. In this work, we have performed an in vivo 2H-
NMRstudy of Escherichia coli membranes labeled with deuterated palmitic
acid. More specifically, we have studied the effect of nanoparticles (NPs)
and antibacterial molecules on the bacteria membrane. The 2H-NMR spectra
obtained on intact cells show that the E. coli membranes were successfully la-
beled according to previous work. A 10-hour exposure to the cationic detergent
cetyltrimetylammonium chloride (CTAC) shows increased membrane fluidity
at high detergent concentration (320mM). The study of the effect of fullerenol
reveals that these NPs increase the lipid mobility in the membrane especially
after 8 hours of exposure. The 2H-NMR spectra obtained in the presence of
polymyxin B show no fast-tumbling membrane fragments, although UV anal-
ysis indicates the leakage of the cell content. These results suggest that this an-
tibiotic would perforate E. coli membranes without their complete disruption.
Our work illustrates the use of in vivo2H NMR studies to understand the specific
action of different substances on labeled biological membranes.
3394-Pos Board B499
Regulation of Antimicrobial Peptide Activity through Lipid Chain Order
Diego A. Ramirez, Daniel E. Otzen, Chad Leidy.
During changes in temperature, bacterial membranes present broad but cooper-
ative lipid chain-melting events, where the membrane transitions from a solid-
ordered state into a liquid-disordered state. For example, in Staphylococcus
aureus, this melting event occurs at 15C. This transition has important implica-
tions. When temperature decreases near to the lipid melting event, cell division
is inhibited. Gram-positive bacteria present cold-shock response mechanisms
that shift the melting event to lower temperatures by varying the saturated fatty
acids/unsaturated fatty acids ratio (SFA/UFA). It thus appears that the bacteria
adaptatively strives to minimize the solid-ordered phase. However, the solid-
ordered phase is not completely detrimental to cell viability. Recently we
have shown that the solid-ordered phase induces resistance to PLA2-IIA, an in-
nate human antibacterial agent that acts by disrupting membrane integrity.
Therefore, we propose that adaptative modulation of the SFA/UFA ratio of bac-
terial membranes may alter the physical activity of antimicrobial agents that
disrupt membrane integrity. To corroborate this, we studied, with the use of
model systems, the activity of two antimicrobial peptides Magainin-2 and
Novocidin (AMPs). Based on fluorescence spectroscopy, we measured calcein
leakage potency on POPG (unsaturated) / DPPG (saturated) large unilamellar
vesicles (LUVs). As we modified the SFA/UFA ratio we observe as expected
a shift in the phase transition from ordered to disordered phase. This leads to
1) changes in the peptide needed to induce 50% leakage, and 2) changes in
the leakage kinetic rate constant. Furthermore, we relate this kinetic rate to
the energetics of a two state model in order to quantify the changes in the ac-
tivation energy required for AMPs to perturb the bilayer as a function of theSFA/UFA ratio. We relate this change in activation energy to levels of lipid
packing by measuring Laurdan generalized polarization.
3395-Pos Board B500
Lipid Bilayers of Ester-Modified Lipids
Diana Y. Villanueva, Joseph B. Lim, Jeffery B. Klauda.
Lipid membranes and bilayers essentially function as barriers for cells to con-
trol the transport of substances. Since phospholipid membranes consist of a hy-
drophilic surface and a hydrophobic inside, the center of a phospholipid bilayer
is known to contain almost no water and to prevent the transport of water-
dissolving substances, such as ions. These water soluble molecules take alter-
nate routes via ion channel protein pumps to transverse the cell membrane.
Typical lipid bilayers with saturated or moderately unsaturated chains show
a bilayer with a water density that decreases to zero around 10A˚ and remains
at zero at the center. Recent experimental work suggests that ester-modified
lipids allow for ions and water to be present at the center of the bilayer
(JACS, 128: 14034). These ester-modified phospholipid bilayers contain ester
groups along their hydrocarbon chain at various positions. The addition of the
ester groups to these lipids can occur naturally through a free radical reaction
called lipid peroxidation. We are using molecular dynamics simulations to
study two lipid bilayers with additional ester groups on the chain. One lipid
contains ester groups in the upper half of the acyl chain (lipid E) and another
contains ester groups towards the middle and the end (lipid G). The bilayers
contain 15 lipid G (or E) and 35 POPC lipids per leaflet with a hydration of
70.5 waters per lipid. For lipid E, the water density reaches zero at ~7A˚, as op-
pose to the standard 10A˚. As for lipid G, water fully penetrates the bilayer. We
are currently extending these simulations to at least 100 ns, to obtain good sta-
tistics on ion permeation where longer timescales are needed to further under-
stand this water and ion permeation mechanism.
3396-Pos Board B501
Lipid-Soluble Hydroquinone Modifications Induced on Membranes
Sergio S. Funari, Vivian Rebbin, Liliana Marzorati, Claudio Di Vitta.
We synthesized new alkylthiohydroquinones (ATHs); in order to investigate
different aspects of lipid-soluble hydroquinones interactions with phospho-
lipids normally found in cell membranes. They have the same long hydropho-
bic alky chains found in many lipids forming the cell membranes. In these
compounds the tails should share the inner of the membrane, while the hydro-
quinone, as polar head group should remain on the surface. One or more al-
kylthio chains attached to the aromatic ring, modifies its hydrophobicity and
should alter the electron distribution. Moreover, the two OH groups become
chemically distinguishable, e.g. NMR spectroscopy and also show different
pKa values.
We investigate the interaction of ATHs with lipid membranes, POPE and
POPC and observe the formation of structures with different morphologies,
or curvature, of the lipid membrane, depending on temperature and pH. We at-
tributed their formation to changes in the balance charge/polarity induced by
the ATHs. Mixtures with POPE at pH=4 forms two cubic phases P4332 and
Im3m that reach a maximum lattice size while in basic conditions they only ex-
pand upon heating from room temperature. They coexist with lamellar or hex-
agonal and have been associated with inhomogeneous distribution of the ATHs
molecules over the lipid matrix. The zwitterionic POPC does not form cubic
phases, but instead shows two lamellar structures up to a high temperature.
In all mixtures of lipid/ATHs we observed the formation of lamellar and
hexagonal phases, similar to the behaviour of pure hydrated lipid e.g. POPC,
while for POPE additional cubic structures, depending on the environment
conditions.
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N-3 polyunsaturated Fatty Acids Disrupt Micron and Nanometer Scale
Non-Raft Organization by Increasing Cell Size and Minimizing Molecular
Interactions with Surrounding Rafts
Benjamin Drew Rockett, Andrew Franklin, Mitchel Harris, Heather Teague,
Justin Williams, Stephen R. Wassall, Andrew H. Nguyen,
Benjamin L. Stottrup, Saame Raza Shaikh.
N-3 polyunsaturated fatty acids (PUFAs), due to their unique molecular struc-
ture, modify plasma membrane organization; however, very few mechanistic
details are known. Here we tested the hypothesis that n-3 PUFAs, in compari-
son to other fatty acids, can specifically disrupt the organization of non-rafts on
several length scales using quantitative imaging. On a micron scale, EL4 cells
treated with eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid ro-
bustly increased accumulation of the non-raft probe FAST DiI. The increase
in FAST DiI accumulation was dependent on the total cellular levels of EPA
and DHA, as revealed by linear regression analysis across differing cell types
